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INTRODUCTION

The pulsed-field ionization (PFI) photoelectron (PE) spectrum of HF has been recorded at the

Chemical Dynamics Beamline of the Advanced Light Source over the photon energy range 15.9-

16.5 eV using a time-of-flight selection scheme at a resolution of 0.6 meV.  Rotationally-

resolved structure in the HF+(X 2Π3/2,1/2, v+=0,1) band systems are assigned.  The spectral

appearance of these systems agrees with a previous VUV laser PFI-PE study.  Importantly,

extensive rotationally-resolved structure between these two vibrational band systems is also

observed.  This is attributed to ion-pair formation via Rydberg states converging on the v+=1

vibrational levels of the HF+(X 2Π3/2,1/2) spin-orbit states.  Ion-pair formation is observed in this

study by the detection of F- ions.  On the basis of the present study, an accurate experimental

value for the dissociation energy of the ground state of HF has been obtained, D0(HF) =

5.8650(5) eV.

RESULTS AND DISCUSSION

The full PFI-PE spectrum of HF obtained in this study utilizing the dark gap of the synchrotron

period is presented in the top panel of Fig. 1.  As can be seen, extensive rotationally-resolved

structure is found over the entire energy region.  These results are compared with the threshold

photoelectron (TPE) spectrum of HF shown in the middle panel of Fig. 1 over the same photon

energy range.1,2  It shows partially-resolved rotational structure in the v+=0 band system of the (X
2Π3/2,1/2) states of HF+ that appears to be influenced by a strong resonance at about 16.06 eV, as

noted earlier.1  In the bottom panel of Fig. 1 is presented the F- photoexcitation function from

ion-pair formation in HF.3  All of the structure observed in the F- excitation function has been

attributed to ion-pair formation via photoexcited Rydberg states that are predissociated by the V
1Σ+ ion-pair potential based on ab initio calculations.3  The prominent feature at 16.062 eV has

been assigned to the HF Rydberg state (A 2Σ+, v+=17) 3sσ while essentially all other features in



the F- excitation function were assigned to overlapping HF Rydberg states (X 2Π3/2,1/2, v
+=1) nd

for n≥7.3

The two dominant series of peak structures at about 16.04

and 16.40 eV in the PFI-PE spectrum (top panel in Fig. 1)

are identified with rotational structure of the v+=0 and 1

bands, respectively, of HF+(X 2Π3/1,1/2).  These peak

structures are assigned to resolved rotational lines of the

two spin-orbit components F1 and F2 based on previously

published assignments.4,5  The relative intensities of the

rotational profiles in these two vibrational bands are

essentially identical to those observed in the VUV laser

PFI-PE spectrum of Mank et al.4 except for small

variations due to different resolutions and temperature

conditions in the two experiments.  Based on our analysis

of these systems, we find the R1(0) transition energies in

the v+=0 and 1 bands to be at 16.0456(4) and 16.4056(4)

eV, respectively, in good agreement with the results of

Mank et al.4

We attribute all of the structure in the PFI-PE spectrum between the v+=0 and 1 bands to ion-pair

formation with the detection of F- ions by our TOF spectrometer (compare the top and bottom

panels in Fig. 1).   Although the match in band features is not perfect, there is a high

correspondence between the two spectra except for the prominent F- peak at 16.062 eV.  We

rationalize the F- signal in the PFI-PE spectrum as being due to a dc F- signal produced during the

entire light-on portion of the synchrotron period under field-free conditions.  The non-appearance

in the PFI-PE spectrum of the prominent (16.062 eV) F- peak in the excitation function is thought

to be due to the fact that the F- ions associated with this peak are created with essentially zero

kinetic energy, since they are formed at the threshold for ion-pair formation.  There is, therefore,

a high probability that they will recombine with the threshold H+ ions that are also formed in the

interaction region.  On the other hand, at photon energies above the threshold for ion-pair

formation the ion pairs are formed with varying amounts of finite relative kinetic energy and can

separate from each other.  The slow moving F- ions are then swept from the interaction region

towards the TOF detection system by the dc pushing potential used in the experimental
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Fig. 1. Comparison of the PFI-PE spectrum
of HF (top panel) with the TPE spectrum of
HF (middle panel) and the F- excitation
function of HF (bottom panel) over the same
photon energy region.



procedure.  This results in a nearly constant stream of F- ions through the TOF spectrometer

where they are detected whenever the threshold electron detection gate is opened.  The rotational

structure in the band-like features observed in the region between the v+=0 and 1 bands of the

HF+(X 2Π3/2,1/2) system in the PFI-PE spectrum must be due to the intermediate nd-complex

Rydberg states as the 1Σ+ part of these states is coupled to the dissociative continuum of the ion-

pair state (see above).

We now consider the TPE spectrum shown in the middle panel of Fig. 1.  Here we try to explain

the appearance of the pronounced resonance (anomalous high intensity) feature at 16.062 eV in

the spectrum and the rather unusual high-energy tails on both the v+=0 and 1 vibrational bands.

There are two possible explanations for these features.  They can be either due to threshold

electrons or due to threshold F- ions, since the penetrating-field method employed in this study1

detects both of these species equally well, i.e., there is no mass discrimination in the analyzer

system.  Considering first the resonance at 16.062 eV, as discussed above, we believe that this

feature is due to the presence of the (A 2Σ+, v+=17) 3sσ Rydberg state.  It is unlikely that such a

prominent feature is due to threshold electrons because the magnitude of the coupling of the 3sσ

Rydberg state to the ionization continuum is expected to be very low.3  We, therefore, conclude

that this feature is due to the production of threshold F- ions.  Next we consider the structured

high-energy tail of the v+=0 band in the TPE spectrum.  It is likely that this region of the TPE

spectrum contains some contributions from both electrons and F- ions.  However, because most

of this tail extends well beyond the contour of the v+=0 vibrational band (see top panel in Fig. 1),

it is interpret as being due primarily to the detection of F- ions.
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